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Math&Com
Graphics Lab.

n YA ROE RE Y 24
» Hidden-Surface Removal
o Z-buffer Algorithm
m Lighting
o Light
o Ambient, Diffuse, Specular
o Position ( Distant Light, One point Light)
o Material

o The reflection ratio of Ambient, Diffuse, Specular components
o Emission
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Hidden-Surface Removal e

Graphics Lab.

m S
20Xl 2= H(hidden-surface)2 12l Al X2
glutinitDisplayMode(GLUT_DEPTH | ...);
glEnable(GL_DPETH_TEST);
While(1) {

While(1) {
Get_viewing_point_from_mouse_position();
glClear(GL_COLOR_BUFFER_BIT);
Draw_3D_Object_A();

Draw_3D_Object_B();

}

Get_viewing_point_from_mouse_position();
glClear(GL_COLOR_BUFFER_BIT);
Draw_3D_Object_A();

Draw_3D_Object_B();
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Math&Com
Graphics Lab.

m oObject-space approaches
m 3D 0l Al face 2t2] =AIE &

m painter’s algorithm
(e) (d)

(a) | (b)
m image-space approaches
= pixel OCt E0l= 2 M E

m z-buffer algorithm
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Math&Com
Graphics Lab.
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Math&Com
Graphics Lab.

m view coordinate system Ul M=
back-faceE 2t H0| EAIS E It Sk
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back face

A - front face
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Math&Com
Graphics Lab.
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Math&Com
Graphics Lab.

m x| 2= pixel & z-HHE —wo
m pixel 2 g 2RIt JYALH
|

initial —

—Q0

if (Zpixel < Zobject) then pIXG|
update! Zpixel = Zobject
else ignore

A 4

V4

|Z -100

\ Zobjectz =—30
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Math&Com
Graphics Lab.

coherence 2| 0| &
m pixel &P X2l M, O CHAl H&HGHA] 2 S
two points on a polygon (Xy, Yy, Z,), (X5, Y5, Z,)
ax+by+cz+d=0 plane equation
AX =Xy =Xy, AY =Y, =Y, AZ =2, -2y
aAX+bAy+cAz=0

Ht2 & pixel 2 0l S Al,

AX=1,Ay =0

Az =—(cla) Ax b1 31,2
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Math&Com
Graphics Lab.

B image space algorithm
w 2= =Hde EE StHEIEX projection = C

m  simple & efficient
= UEZ2 video card Jt i &4
= OpenGLOIME AIE

m HHECHEZ2)EOER
B,

= pixel ottt OtCH (R, G, B, Z) = M &

o ZXHES Mo #et O
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Graphics Lab.
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Math&Com
Graphics Lab.

#include <gl/glut.n> /I (or others, depending on the system in use)

void init (void)

{
GLfloat light_position[] ={ 1.0, 1.0, 1.0, 0.0};
GLfloat white_light[]] ={ 1.0, 1.0, 1.0, 1.0};
GLfloat model_ambient[] ={0.1, 0.1, 0.1, 1.0};
glClearColor (0.3, 0.0, 0.0, 0.0) ;
glShadeModel(GL_SMOOTH);
glLightfv(GL_LIGHTO, GL_POSITION, light_position);
glLightfv(GL_LIGHTO, GL_DIFFUSE, white_light);
glLightfv(GL_LIGHTO, GL_SPECULAR, white_light);
glLightModelfv(GL_LIGHT _MODEL_AMBIENT, model_ambient);
glEnable(GL_LIGHTING);
glEnable(GL_LIGHTO);
glEnable(GL_DEPTH_TEST);

}
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Math&Com
Graphics Lab.

void display(void) {
glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT);
glutSolidSphere(1.0, 20, 16);
glutSwapBuffers();
glFlush();

void reshape(int w, int h){
glViewport(0, 0, (GLsizei) w, (GLsizei) h);
glMatrixMode(GL_PROJECTION);
glLoadldentity();
if(w<=h)
glOrtho(-1.5, 1.5, -1.5*(GLfloat)h/(GLfloat)w, 1.5*(GLfloat)h/(GLfloat)w, -10.0, 10.0);
else
glOrtho(-1.5*(GLfloat)w/(GLfloat)h, 1.5*(GLfloat)w/(GLfloat)h, -1.5, 1.5, -10.0, 10.0);
glMatrixMode (GL_MODELVIEW);
glLoadldentity();
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Math&Com
Graphics Lab.

void main (int argc, char** argv)

{

glutlinit (&argc, argv);

glutinitDisplayMode (GLUT_DOUBLE | GLUT_RGB | GLUT_DEPTH);
glutinitWindowPosition (100, 100);

glutinitWindowsSize (500, 500);

glutCreateWindow ("Light Test");

init();

glutDisplayFunc (display);

glutReshapeFunc (reshape);
glutMainLoop();
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Math&Com
Graphics Lab.
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Math&Com
Graphics Lab.

s HO HM HIF
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Math&Com
Graphics Lab.

m I8 Y

>
JE
5

giBegin(GL_POLYGON);
gINormal3f (Xp ' Ypo Zp);
glVertex3f(x, y, z);

<;:J.|-End();

= (bf —ce)i+(-1)(af —cd)j+ (ae—bd)k
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Math&Com
Graphics Lab.

m glLightf (light, pname, param);
m glLightfv (light, pname, *param);
w light =GL_LIGHTO, GL_LIGHTY, ... GL_LIGHT7
= pname=3%4
= param = =4 gk, *param = Z4 gt Y H
m  Pname
m GL_AMBIENT, GL_DIFFUSE, GL_SPECULAR
= GL_POSITION
o Light_position1[] ={ 1.0, 2.0, 3.0, 1.0}; & && =<
o Light_position2[] ={ 1.0, 2.0, 3.0, 0.0}; &Hc| &&
o glLightfv(GL_LIGHTO, GL_POSITION, Light_position
GL_SPOT_DIRECTION, GL_SPOT _EXPONENT
GL_SPOT_CUTOFF
o glLightf(GL_LIGHTO, GL_SPOT_CUTOFF, 30.0);
GL_CONSTANT_ATTENUATION
GL_LINEAR_ATTENUATION

GL_QUADRATIC_ATTENUATION

[N

);
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Math&Com
Graphics Lab.

m 208 2E NEH
m HAA ambient 20l E MID|
o glLightModelfv(GL_LIGHT MODEL_AMBIENT, ambient);

ERPA SRS By DN
o glLightModeli(GL_LIGHT_MODEL_LOCAL_VIEWER, GL_FALSE);

= 2I0IE NI O ME: %0 or S
o glLightModeli(GL_LIGHT _MODEL_TWO_SIDE, GL_FALSE);

= Specular 842 Texture mapping 20 H& 02
o glLightModeli(GL_LIGHT _MODEL_COLOR_CONTROL, GL_SINGLE_COLOR);
= AMBIENT, DIFFUSE S & H &t
o glLightModeli(GL_LIGHT _MODEL_COLOR_CONTROL,
GL_SEPARATE_SPECULAR_COLOR);
© SPECULAR GI0I2I0|E ET}E 9AX T = S0l 8
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Math&Com
Graphics Lab.

m glMaterialf (face, pname, param);

m glMaterialfv (face, pname, *param);
m face = GL_FRONT, GL_BACK, GL_FRONT_AND_BACK
m  Pname

m GL_AMBIENT, GL_DIFFUSE, GL_AMBIENT_AND_DIFFUSE,
w GL_SPECULAR
o glMaterialfv(GL_BACK, GL_SPECULAR, mat_specualr);
m  GL_SHININESS
o glMaterialf(GL_FRONT, GL_SHININESS, 100):
m GL_EMISSION, GL_COLOR_INDEXES
m  Color MA HZH
w glColorMaterial(face, mode);

o face: GL_FRONT, GL_BACK, GL_FRONT AND_BACK

o mode: GL_AMBIENT, GL_DIFFUSE, GL_SPECULAR,
GL_AMBIENT_AND_DIFFUSE

Gl Xl) glEnable(GL_COLOR_MATERIAL);
glColorMaterial(GL_FRONT, GL_DIFFUSE);
glColor3f(1.0, 1.0, 0.0);
glDisable(GL_COLOR_MATERIAL);

O o o o
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Math&Com

Exam p I e Graphics Lab.

i Light Test i Light Test
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Math&Com
Graphics Lab.

#include <gl/glut.h>

GLfloat light_ambientO[] ={ 0.0, 0.0, 0.0, 1.0};
GLfloat light_diffuseO[] ={ 1.0, 1.0, 1.0, 1.0};

GLfloat light specularO[] ={ 1.0, 1.0, 1.0, 1.0};
GLfloat light_positionO[] ={ 1.0, 1.0, 1.0, 0.0};

GLfloat light_ambientl[] ={ 1.0, 0.0, 0.0, 1.0};
GLfloat light_diffusel[] ={ 1.0, 0.0, 0.0, 1.0};
GLfloat light _specularl[] ={ 1.0, 0.0, 0.0, 1.0};
GLfloat light_positionl[] ={ 2.0, 2.0, 2.0, 1.0};
GLfloat spot_direction[] = {-1.0, -1.0, 0.0};

GLfloat no_mat[] = {0.0, 0.0, 0.0, 1.0};

GLfloat mat_ambient[]] ={ 0.7, 0.7, 0.7, 1.0};
GLfloat mat_ambient_color[] ={ 0.8, 0.8, 0.2, 1.0};
GLfloat mat_diffuse[] ={ 0.1, 0.5, 0.8, 1.0},
GLfloat mat_specular[] ={1.0, 1.0, 1.0, 1.0};
GLfloat no_shininess[] ={ 0.0};

GLfloat low_shininess[] = {5.0};

GLfloat high_shininess|] = {100.0};

GLfloat mat_emission[] ={ 0.3, 0.2, 0.2, 0.0};
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Math&Com
Graphics Lab.

void init (void) {

glClearColor (0.0, 0.0, 0.0, 0.0) ;

glLightfv(GL_LIGHTO, GL_AMBIENT, light_ambient0);
glLightfv(GL_LIGHTO, GL_DIFFUSE, light_diffuse0);
glLightfv(GL_LIGHTO, GL_SPECULAR, light_specular0);
glLightfv(GL_LIGHTO, GL_POSITION, light_position0);

glLightfv(GL_LIGHT1, GL_AMBIENT, light_ambientl);
glLightfv(GL_LIGHT1, GL_DIFFUSE, light_diffusel);
glLightfv(GL_LIGHT1, GL_SPECULAR, light_specularl);
glLightfv(GL_LIGHT1, GL_POSITION, light_positionl);
glLightf(GL_LIGHT1, GL_CONSTANT_ATTENUATION, 0.5);
glLightf(GL_LIGHT1, GL_LINEAR_ATTENUATION, 0.1);
glLightf(GL_LIGHT1, GL_QUADRATIC_ATTENUATION, 0.1);

glLightf(GL_LIGHT1, GL_SPOT_CUTOFF, 45.0);
glLightfv(GL_LIGHT1, GL_SPOT_DIRECTION, spot_direction);
glLightf(GL_LIGHT1, GL_SPOT_EXPONENT, 2.0);
glShadeModel(GL_SMOOTH);

glEnable(GL_LIGHTING);

glEnable(GL_LIGHTO);

glEnable(GL_DEPTH_TEST);
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Math&Com
Graphics Lab.

void display(void)
{

glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT ):

glPushMatrix();
glTranslatef(-3.75, 0.0, 0.0);
glMaterialfv(GL_FRONT, GL_AMBIENT, no_mat);
glMaterialfv(GL_FRONT, GL_DIFFUSE, mat_diffuse);
glMaterialfv(GL_FRONT, GL_SPECULAR, no_mat);
glMaterialfv(GL_FRONT, GL_SHININESS, no_shininess);
glMaterialfv(GL_FRONT, GL_EMISSION, no_mat);
glutSolidSphere(1.0, 16, 16);

glPopMatrix();

glPushMatrix();
glTranslatef(-1.25, 0.0, 0.0);
glMaterialfv(GL_FRONT, GL_AMBIENT, no_mat);
glMaterialfv(GL_FRONT, GL_DIFFUSE, mat_diffuse);
glMaterialfv(GL_FRONT, GL_SPECULAR, mat_specular);
glMaterialfv(GL_FRONT, GL_SHININESS, low_shininess);
glMaterialfv(GL_FRONT, GL_EMISSION, no_mat);
glutSolidSphere(1.0, 16, 16);

glPopMatrix();
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Math&Com
Graphics Lab.

glPushMatrix();
glTranslatef(1.25, 0.0, 0.0);
glMaterialfv(GL_FRONT, GL_AMBIENT, no_mat);
glMaterialfv(GL_FRONT, GL_DIFFUSE, mat_diffuse);
glMaterialfv(GL_FRONT, GL_SPECULAR, mat_specular);
glMaterialfv(GL_FRONT, GL_SHININESS, high_shininess);
glMaterialfv(GL_FRONT, GL_EMISSION, no_mat);
glutSolidSphere(1.0, 16, 16);

glPopMatrix();

glPushMatrix();
glTranslatef(3.75, 0.0, 0.0);
glMaterialfv(GL_FRONT, GL_AMBIENT, no_mat);
glMaterialfv(GL_FRONT, GL_DIFFUSE, mat_diffuse);
glMaterialfv(GL_FRONT, GL_SPECULAR, no_mat);
glMaterialfv(GL_FRONT, GL_SHININESS, no_shininess);
glMaterialfv(GL_FRONT, GL_EMISSION, mat_emission);
glutSolidSphere(1.0, 16, 16);

glPopMatrix();

glutSwapBuffers();
glFlush();
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Math&Com
Graphics Lab.

void reshape(int w, int h)

{

glViewport(0, 0, (GLsizei) w, (GLsizei) h);
glMatrixMode(GL_PROJECTION);

glLoadldentity();

gluPerspective(45.0, 1.0, 1.0, 200.0);

glMatrixMode (GL_MODELVIEW);

glLoadldentity();

gluLookAt(0.0, 15.0, 5.0, 0.0, 0.0, 0.0, 0.0, 1.0, 0.0);

}

void main (int argc, char** argv)

{
glutinit (&argc, argv);
glutinitDisplayMode (GLUT_DOUBLE | GLUT_RGB | GLUT_DEPTH);
glutinitWindowPosition (100, 100);
glutinitWindowsSize (500, 500);
glutCreateWindow ("Light Test");
init();
glutDisplayFunc (display);
glutReshapeFunc (reshape);
glutMainLoop();
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